Biomonitoring data available on levels of atmospheric polycyclic aromatic hydrocarbons 14 (PAHs) in pine needles from the Iberian Peninsula was used to estimate air concentrations of 15 benzo 
Introduction 1
Semi-volatile organic compounds (SVOCs) are widespread chemicals that even at low 2 concentrations possess carcinogenic capacity (Baussant et al., 2001 ) and ecotoxicity (Solé, 3 2000) due to their persistence in different environmental matrices (air, soil, water, living 4 organisms). In particular, polycyclic aromatic hydrocarbons (PAHs) are originated by natural 5 and anthropogenic combustion processes or released from fossil fuels (Mastral and Callén, 6 2000) and can be transported in the atmosphere over long distances in gaseous phase or as 7 particulate matter (Baek et al., 1991). The lighter PAHs (2 or 3 aromatic rings) exist mainly 8 in the former, whereas the heavier (5 to 6 rings) consist almost entirely of the latter 9 (Bidleman, 1988) , and this is the case of 5-ringed benzo surface area for the pine needles studied are presented in Table S1 . log Koa is a temperature-dependent coefficient, and was calculated using the following 21 each site was the mean from the three months previous to sample collection, since it 25 corresponded to the intervals of exposure between campaigns (with a seasonal periodicity for 26 most sampling points). The equilibrium between air and pine needles is still not completely 27 understood and can be a slow process for compounds with high log Koa such as BaP 28 (Mackay, 1991 ) and it may not be possible to acknowledge if "non-equilibrium" conditions 29 or alternative processes (Tremolada et al., 1996) . 30
Modelling experiment and validation 1
In this study, the Weather Research and Forecasting (WRF) (Skamarock et al., 2008) hourly basis. This CHIMERE version has been modified to include gaseous and particulate 6 BaP. Gas-phase degradation by OH radicals, which represents over 99% of the degradation 7 path for gas-phase BaP, was accounted for, with a kOH = 5.68 The deposition over vegetal canopies in CHIMERE for particles employs a resistance scheme 1 (Wesely, 1989). The dry deposition velocity follows the formulation of Seinfeld and Pandis 2 (1997): 3 vd = (1/(ra + rb + ra x rb x vs)) + vs (9) 4 where ra is the aerodynamic resistance (or aerodynamic drag) and rb the resistance at the 5 quasi-laminar sublayer. The aerodynamics resistance is calculated as the integral of the 6 inverse of the diffusivity coefficient Kz up to the middle of the model surface layer, which 7 can be estimated using the analytical formulae of the surface-layer similarity profiles for K 8 2001). For this reason, and for the sake of brevity, the same strategy is adopted here and 13 readers are referred to those works for further details. 14 15 3 Results and discussion 16
Model evaluation for vegetation and air levels 17
The model climatologies for BaP in canopy deposition and air concentration were done under 18 the premise of constituting a base for a broad spectrum of studies within the air-vegetation 19 interactions. In fact, a description of these simulations was mentioned previously by Ratola 20 and Jiménez-Guerrero (2015). However, given the importance for the current study, a 21 summary is presented here, also considering a different perspective. 22
Vegetation 23 24
The modelled deposition over vegetal canopies was evaluated against observations compiled 25 from pine needles. Thus, the adequacy of the model's deposition velocity for the Iberian 26
Peninsula is assessed by a direct evaluation of the deposition velocity against observations. 27
This information is summarised in Table 1 and a point-to-point comparison is shown in 28
Supporting Information (Table S3) implantation in the forests of the Iberian Peninsula, but while P. pinea is more equally 27 distributed (although mainly present in the south and Mediterranean coast), P. pinaster 28 prevails in the north-west and Atlantic coast. This may be the reason why the model tends to 29 present higher deviations over the northernmost biomonitoring points (P. pinaster, MFB = 30 21%) than over eastern-southern areas, with predominant P. pinea (MFB = -17%), as shown 31
in Table S3 of the Supporting Information). It was also suggested that leaf surface properties 32 are more a function of the environmental exposure than of the plant response (Cape et al., 33 1989). Given all these facts, both chemistry transport models and other parameterisations 1 face a huge task to represent the levels of pollutants in vegetation. In this sense, enhancing 2 the field experimental work on the uptake of these chemicals would be strongly beneficial. 3
BaP air climatology 4
As mentioned previously, studies in literature regarding the field monitoring of PAHs levels 5 in the Iberian Peninsula's vegetation are limited and, therefore, modelling strategies can 6 represent a valuable tool to assess BaP levels over the target region. The few existing studies 7 (described in Introduction) reflect two main points: the influence of local sources and the 8 variability of the uptake abilities of the different vegetation species. Since the main focus of 9 this work is on the climatologies of the atmospheric BaP levels, in order to assess the correct 10 reproducibility of their spatial-temporal patterns the WRF+CHIMERE BaP modelled 11 concentrations were evaluated against EMEP air quality data after the bias adjustment 12 explained in the Supporting Information. biomonitors of atmospheric loads, but also can be used to assess the performance of different 8 methods to convert vegetation uptake levels into atmospheric concentrations. Thus, the 9 objective is to test the response of the six vegetation-to-air approaches detailed in section 2.3 10 through a field/model check in the sampling points chosen. 11
Results (Table 2) reveal that approach 1d is the best fit to convert the levels measured in 12 vegetation into air concentrations, when compared to the outcome provided by the model. Ideally, the air levels SVOCs are measured in the field using expensive active air sampling 1 equipment which also require permanent power supply while operating. Thus, these devices 2 only exist in certain parts of the world, which does not allow a proper coverage of the global 3 presence of such contaminants, which naturally hinders the efforts of modelling estimation as 4 well. As mentioned above, as living structures vegetation matrices have morphological, 5 physical and chemical behaviour that depends on many parameters, even within the same 6 species. Thus, the equations describing the air-vegetation partition suffer from these effects 7 when a broad solution is searched for. Again in ideal terms, only a direct comparison of field 8 campaigns and active air sampling performed in the same spots is bound to achieve some 9 accuracy, if it includes a seasonal framework as well. In fact, the main approaches presented 10 in this work derive from these type of combined studies. But when it is impossible to have 11 simultaneous active air and biomonitoring sampling models can help us to assess if the 12 assumptions we are working with are sound, if a previous validation with the field-based air 13 concentrations is successful (as is the case in our study). Naturally, there is a concern that the 14 uncertainty associated to all the steps involved may affect the conclusions of a study like this. the Iberian Peninsula (biases lower than 30% for all stations and seasons). From the six 31 methods tested to convert vegetation levels (in pine needles) into atmospheric concentrations, 32 approach 1d showed the most accurate results, followed by approach 1a, when compared to 33 modelling results and observations from EMEP. However, these results should not be 1 interpreted as a ranking of the general performance of the approaches. For instance, given 2 that approaches 1a, 1b, 1c and 1d only differ on the deposition velocity considered for BaP, 3
we can conclude that approach 1d is the one representing more closely the particular 4 conditions of the target area. Nevertheless, for other locations and frameworks, further 5 research should be conducted to verify these conclusions. Another very important aspect to 6 take into account is that none of the studies where the available approaches were reported 7 used needles from the same pine species of the current study nor was located in areas of 8 similar climatic or geographical conditions. These facts can considerably alter the uptake 9 conditions of the pollutants, hence the different deposition rates reported. 10
Arguably, it could be said that when the model is taken as the reference, the deposition 11 velocity in the best approach is not the most adequate for the Iberian Peninsula, but rather the 12 one closer to the approximation of the deposition over vegetal canopies included in the CTM. 13
This suggestion can be rebutted given that the model results were validated against the field 14 data available from the EMEP air sampling stations, proving that the approximation of the 15 model is indeed the most satisfactory for the conditions of this area (and, therefore, so are 16 those of approach 1d). Another unprecedented perspective introduced by this work is that, 17 contrary to the few similar studies found in literature, instead of studying isolated episodes of 18 contamination, the simulations cover a large period (2006) (2007) (2008) (2009) (2010) . This highlights a climatic 19 viewpoint to the problem of BaP on a regional scale, and was not done previously (at least 20 over the Iberian Peninsula). 21
Considering that the theoretical principles of the three methodologies chosen in this work 22 that led to the air-vegetation partition calculations are valid worldwide and having some of 23 the parameters missing for our sampling domain, we had to resort to the ones existing in 24 literature. With more similar studies in the future we can head towards a much better 25 reproducibility and robustness of the modelling strategies. Our aim was to open a possible 26 path for it and the results are encouraging. But if fieldwork continues to be as scarce as it is 27 nowadays, the journey will be necessarily slower than we hope for. 
